Despite antiretroviral therapy (ART), HIV-associated neurologic dysfunction (HAND) persists in approximately one-third of people with HIV (PWH). Cannabis use is highly prevalent among PWH compared with people who are HIV−.^[@R1],[@R2]^ Previous research has demonstrated that microglia are chronically activated in PWH, reflecting neuroinflammation, and may contribute to HAND.^[@R3][@R4][@R5]^ Although numerous studies have evaluated cannabis effects on systemic inflammation and immune activation,^[@R6],[@R7]^ no previous studies have reported on cannabis use in relation to CSF inflammatory markers. It is known that expression of interleukin 16 (IL-16) is increased in microglial nodules in HIV encephalitis. Microglia express CB2 receptor (CB2R), a cannabinoid receptor that regulates their activation.^[@R8],[@R9]^ In other neuroinflammatory diseases, neutralizing IL-16 reduces demyelination and axonal damage. Cannabis downregulates IL-16 in myeloid cells including microglia.^[@R10]^ Given that cannabis may have protective anti-inflammatory effects, is neuroprotective in neurodegenerative disorders (Alzheimer disease and Parkinson disease), and is lipophilic and concentrated 3 to 10 times higher in the brain than in blood, we sought to examine possible links between cannabis use and IL-16 as a marker of neuroinflammation in HIV. Cannabis biological effects may differ by sex.^[@R11],[@R12]^ Given the potential neuroprotective effects of cannabis and its widespread use in PWH, cannabis could be an intervention to protect against HAND.

We sought to evaluate possible links between cannabis use and biomarkers of neuroinflammation in HIV. [Figure 1](#F1){ref-type="fig"} illustrates the proposed model of cannabis modulation of HIV-induced microglial activation. We hypothesized that inflammatory biomarkers would be reduced in HIV+ individuals who more recently used cannabis.

![Conceptual model\
HIV activates resting microglia, which produce cytokines reflecting neuroinflammation. Cannabis (especially THC) acts as a ligand for the endocannabinoid receptor CB2, reducing neuroinflammation. CB2R = cannabinoid receptor type 2; CRP = C-reactive protein; IL = interleukin; IP = interferon gamma-induced protein; THC = delta-9-tetrahydrocannabinol; TNFRII = tumor necrosis factor receptor type II.](NEURIMMINFL2019026096f1){#F1}

Methods {#s1}
=======

Participants {#s1-1}
------------

This was a cross-sectional prospective observational cohort study of HIV+ and HIV− individuals recruited from community sources. Inclusion criteria were availability of data on cannabis use. Exclusions were diagnoses of other substance use disorders within the past year, positive urine toxicology for substances of abuse other than cannabis, and presence of an active, major psychiatric or neurologic condition such as schizophrenia or epilepsy.

Standard protocol approvals, registrations, and patient consents {#s1-2}
----------------------------------------------------------------

All participants signed an institutional review board--approved written consent.

Clinical assessment {#s1-3}
-------------------

All participants underwent a comprehensive neuromedical assessment, blood draw, and lumbar puncture. Parameters of lifetime cannabis use were estimated using a semistructured timeline follow-back interview (TLFBI) as previously described.^[@R13]^ The TLFBI uses a calendar method to evaluate daily patterns and frequency of substance use over a specified period. It has high retest reliability, convergent and discriminant validity with other measures, agreement with collateral informants\' reports of patients\' substance use, and agreement with results from patients\' urine assays.^[@R14]^ Cannabis recency was assessed as self-reported months since last cannabis use. Other cannabis variables assessed included self-reported frequency, density, and cumulative dose.

Laboratory evaluations {#s1-4}
----------------------

HIV disease was diagnosed by ELISA with Western blot confirmation. Among HIV+ participants, HIV viral load in plasma was measured using reverse transcriptase PCR (Amplicor; Roche Diagnostics, Indianapolis, IN) and deemed undetectable at a lower limit of quantitation of 50 copies/mL. CD4 was measured by flow cytometry, and nadir CD4 was assessed by self-report. Biomarkers measured in plasma and CSF by immunoassay were (IL)-16 (Merck Sharp & Dohme, Rockville, MD, kit \#K151RED; quantitation range CSF and plasma 6.18--2,530 pg/mL), C-reactive protein (CRP) (MSD, K151STD; quantitation range CSF and plasma 12.5--195,000 pg/mL), IL-6 (MSD K15049D; quantitation range CSF 0.183--749 pg/mL; plasma 3.2--10,000 pg/mL), interferon gamma-induced protein (IP)-10 (MSD, K15047D; quantitation range CSF IP-10 and plasma 3.2--10,000 pg/mL), soluble (s) CD14 (R&D, Minneapolis, MN, kit \#DC140; quantitation range CSF and plasma 250--16,000 pg/mL), and soluble tumor necrosis factor receptor type II (TNFRII) (MSD F21ZS-3; quantitation range CSF and plasma 12.2--50,000 pg/mL).

Statistical analysis {#s1-5}
--------------------

HIV and cannabis group differences on background characteristics (i.e., demographics and neuropsychiatric and neuromedical characteristics) were examined using analysis of variance, Wilcoxon/Kruskal-Wallis tests, and χ^2^ statistics as appropriate. Except for CSF IL-16 and TNFRII and plasma soluble CD14, log~10~ transformation of all of the other cytokine measures improved their fit to a normal distribution, and the transformed values were used in analyses. To determine the combined effects of HIV and cannabis on CSF and plasma IL-16 levels, multivariable linear regression analyses modeled IL-16 as a function of HIV, cannabis use, and their interaction. Follow-up comparisons examined pairwise group differences in IL-16 levels with correction for multiple comparisons using Tukey Honest Significant Difference tests. Factor analysis was performed in CSF and plasma separately to identify underlying factors that explain correlations among cytokines measured as described above. The first 3 factors were chosen based on the criterion of eigenvalues greater than 1. Each factor includes the cytokines with loading (correlation, r) value at least 0.30. We used multivariable linear regression models to test the interaction effect between HIV status and cannabis recency on CSF factors 1--3. In the absence of the interaction effect, additive effects were tested. In addition, simple linear models were used to regress age, current CD4, and cannabis recency on CSF factor 1, and then the relationship of CSF factor 1 with cannabis recency was adjusted for age using multivariable regression. Finally, the correlation between plasma factor 2 and cannabis recency was assessed with Pearson correlation. Sensitivity analyses were conducted on the subset of participants who were virally suppressed. All analyses were conducted using JMP Pro version 14.0.0 (JMP, Version 12.0.1.; SAS Institute Inc., Cary, NC, 2018).

Data availability {#s1-6}
-----------------

Data will be made available on request.

Results {#s2}
=======

Participants were 35 PWH and 21 HIV− individuals, mean (SD) age 45.4 (14.5) years, 41 cannabis ever users, and 15 never users. PLWH had a mean CD4 of 699; 94% took ART, and 86% were virologically suppressed. Demographics and clinical characteristics by HIV serostatus are summarized in [table 1](#T1){ref-type="table"}. Recency of cannabis use was recorded as a continuous variable (median 10 months; interquartile range \[IQR\] 1--61 months; range 0.03--414 months). Among users, the route of administration was smoked, and participants did not know the specific formulation (delta-9-tetrahydrocannabinol \[THC\] vs cannabidiol content); the median grams per day over the last 30 days was 0.5 (IQR 0.125, 0.75). The percent with a lifetime history of any substance abuse was 41%, with the majority of this being alcohol (38.6%). Only 8% had a lifetime history of cannabis abuse or dependence. Cannabis ever users did not differ from never users on age (45.3 ± 12.8 vs 45.7 ± 18.9 years; *p* = 0.928), female sex (20% vs 17.1%), or non-Hispanic white ethnicity (46.7% vs 39.0%). PWH and HIV− were not different in recency, cumulative months, grams, or density of use. Months since last use was unrelated to current and nadir CD4 (*p* = 0.15 and 0.43, respectively). Older participants had more months since last cannabis use than younger. Months since last use was unrelated to race/ethnicity (*p* = 0.37). Men and women did not differ with respect to months since last cannabis use (67.8 ± 127 vs 70.2 ± 111). Four individuals tested positive on a urine drug screen for cannabis.

###### 

Participant demographic and clinical characteristics by HIV serostatus

![](NEURIMMINFL2019026096t1)

Although in most cases, PWH had higher levels of biomarkers of inflammation than HIV− individuals, these differences reached significance only for IP-10 (for CSF, 753 ± 430 vs 493 ± 435; and for plasma, 588 ± 349 vs 367 ± 215). [Table 2](#T2){ref-type="table"} shows correlations between plasma and CSF levels of individual biomarkers. Notably, plasma-CSF correlations were generally modest or nonsignificant, except for CRP (r = 0.808 \[0.692, 0.883\]).

###### 

Plasma vs CSF correlations for each of the biomarkers
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Factor analysis {#s2-1}
---------------

Separate factor analyses were performed for CSF and plasma biomarkers to reduce relatively large number of individual biomarkers into a fewer number of dimensions for analysis. [Table 3](#T3){ref-type="table"} shows the factor loadings for each of the resulting factors. Levels of all factors were nonsignificantly higher in PWH than in HIV−.

###### 

Factor loadings of the CSF and plasma factors

![](NEURIMMINFL2019026096t3)

Cannabis recency and CSF factors {#s2-2}
--------------------------------

More recent cannabis use was significantly associated with lower CSF factor 1 values (r = 0.331; 95% CI 0.0175, 0.586; [figure 2](#F2){ref-type="fig"}) and with lower plasma factor 2 values (r = 0.374; 95% CI 0.0660, 0.617; [figure 3A](#F3){ref-type="fig"}). Among 15 individuals who had never used cannabis, CSF factor 2 levels were higher than the 41 who had ever used cannabis (0.138 ± 0.819 vs −0.051 ± 0.765). Evaluating the individual components of CSF factor 1, more recent cannabis use was related to lower CSF CRP and IL-16 levels (r = 0.336 \[95% CI 0.0223, 0.589\] and r = 0.549 \[0.282, 0.737\], but not sTNFRII (r = 0.080 \[−0.241, 0.386\] ([figure 3, A--C](#F3){ref-type="fig"}). Older age was associated with higher CSF CRP (r = 0.504 \[0.278, 0.677\]), but not IL-16 (r = 0.0633 \[−0.203, 0.321\]). After accounting for age, recency of cannabis use was no longer significantly correlated with CSF CRP (*p* = 0.247). In a multivariate model with HIV and cannabis recency as independent variables, HIV × cannabis recency interaction was not significant, indicating that the cannabis recency effect was not different in PWH than in HIV− participants. Viral loads were detectable in 5 participants. In a multivariable model including CSF factor 1 and viral load detectability, the latter was nonsignificant (*p* = 0.631). CSF factor 1 was not associated with cumulative duration, quantity, or density of cannabis use. Higher CSF factor 1 was significantly associated with older age (r = 0.414 \[0.169, 0.610\]) and higher current CD4 (r = 0.338 \[0.00514, 0.603\]. In a multivariable regression, after adjusting for age, the relationship between CSF factor 1 and cannabis recency was no longer significant (*p* = 0.227). CD4 did not reach significance in a multivariable model (*p* = 0.167). CSF factors 2 and 3 were not related to cannabis use.

![More recent cannabis use correlated with lower CSF factor 1 (indicating reduced CRP, IL-16, and sTNFRII)\
A factor analysis was performed on the 6 CSF markers CRP, IL-16, sTNFRII, sCD14, IP-10, and IL-6. Only factor 1 was associated with recency of cannabis use. The Pearson correlation coefficient and its 95% CI are shown. Note logarithmic time scale. N = 41 ever used cannabis. CRP = C-reactive protein; IL = interleukin; IP = interferon gamma-induced protein; PWH = people with HIV.](NEURIMMINFL2019026096f2){#F2}

![(A--C) More recent cannabis use correlated with 2 of the components of CSF factor 1, lower CSF CRP, and IL-16, but not with TNFRII levels\
Pearson correlation coefficients and their 95% CIs are shown. CRP = C-reactive protein; IL = interleukin; TNFRII = tumor necrosis factor receptor type II.](NEURIMMINFL2019026096f3){#F3}

Cannabis recency and plasma factors {#s2-3}
-----------------------------------

More recent cannabis use correlated with lower plasma factor 2 (indicating reduced sTNFRII and IP-10; r = 0.374 \[0.0660, 0.617\]; [figure 4](#F4){ref-type="fig"}). Higher plasma factor 1 levels were associated with older age r = 0.381 (0.132, 0.586), but age was unrelated to the other 2 factors. Age did not influence the relationship between factor 1 and recency of cannabis use. Lower nadir CD4 was related to higher plasma factor 2 (r = −0.425 \[−0.664, −0.107\]). In a multivariable model containing both cannabis use recency and nadir CD4, neither variable reached significance. No other demographic or clinical variables were significantly related to plasma factor 2.

![More recent cannabis use correlated with lower plasma factor 2 (A), indicating reduced sTNFRII (B) and IP-10 (C)\
Pearson correlation coefficients and their 95% CIs are shown for the plasma factor 2 and for its individual components, sTNFRII and IP-10. IP = interferon gamma-induced protein.](NEURIMMINFL2019026096f4){#F4}

[Table 4](#T4){ref-type="table"} shows Spearman correlations between CSF and plasma factors and their 95% CIs. With the exception of CSF factor 1 and plasma factor 1, the factors were independent from one another.

###### 

Spearman correlations between CSF and plasma factors and their 95% CIs

![](NEURIMMINFL2019026096t4)

To evaluate for possible confounding by blood plasma contamination of CSF, we used the following approach. First, we calculated the correlations between CSF biomarkers and CSF red blood cell (RBC) count, a marker of blood contamination. Blood contamination would be particularly significant in the case where plasma biomarker levels were much higher than those for CSF. For example, plasma CRP levels were, on average, 1000-fold higher than CSF levels. Although log~10~ CSF and log~10~ plasma CRP levels were significantly correlated (r = 0.808 \[0.692, 0.883\]), CSF CRP levels were not associated with CSF RBC (r = −0.00473 \[−0.267, 0.258\]), indicating that the correlation between CSF and blood was not attributable to blood contamination. With the exception of IL-6 (r = 0.443 \[0.204, 0.632\]), CSF biomarker levels were not correlated with CSF RBC counts (*p*s \> 0.10). None of the CSF factor scores was significantly associated with CSF RBC. Despite the significant correlation of log~10~ CSF IL-6 with CSF RBC, log~10~ CSF and plasma IL-16 levels were uncorrelated (r = 0.218 \[−0.0473, 0.455\]).

Discussion {#s3}
==========

We found that recent cannabis use was associated with reduced levels of a factor loading on IL-16, CRP, and sTNFRII, reflecting reduced neuroinflammation. IL-16, originally called lymphocyte chemoattractant factor,^[@R15]^ has been shown to recruit and activate many cells expressing the CD4 molecule, including monocytes, eosinophils, and dendritic cells.^[@R16]^ It stimulates the production of proinflammatory cytokines by human monocytes.^[@R17]^ IL-16 is unusual among the cytokines because it engages the CD4 molecule as its receptor instead of a unique IL-16R. Thus, although IL-16 can block HIV cell entry, it nevertheless remains a proinflammatory cytokine. In particular, because activated microglia express IL-16,^[@R18]^ our findings suggest reduced microglial activation with recent exposure to cannabis. In addition, IL-16 is an endogenous ligand for the CD4 molecule (a receptor for HIV) and is known for its chemotactic and anti--HIV-1 activities.^[@R19]^ CRP is a well-known acute phase reactant. Although CRP expression is largely hepatic, it is also expressed by multiple cells of the CNS, particularly during neuroinflammation, and CNS-specific expression of CRP associates with more severe disease.^[@R20]^ sTNFRII (also known as p75) is a receptor for TNF-α and indicates a regulatory response to increased inflammation. Elevated CSF levels of sTNFRII were significantly correlated with worse cognition. Thus, the 3 components of the factor we found to be associated with cannabis recency are involved in the inflammatory response in the CNS.

Although CB1 receptors are the principal type found in the CNS and account for the psychoactive effects of ligands such as THC, CB2Rs also are expressed in the CNS of humans and many animal species.^[@R7],[@R21],[@R22]^ In humans, the bulk of CB2R expression is by microglia and THP-1 cells (a spontaneously immortalized monocyte-like cell line),^[@R23]^ as well as astrocytes,^[@R24]^ consistent with a role in inflammation. Both in vitro studies and animal models show that CB2R is anti-inflammatory and may be part of the general neuroprotective action of the endocannabinoid system by decreasing glial reactivity.^[@R25]^ Both natural and synthetic cannabinoids have been demonstrated to be neuroprotective after various types of CNS insults, such as stroke.^[@R26]^

Although numerous studies have evaluated cannabis effects on systemic inflammation and immune activation in HIV,^[@R6]^ no previous studies have reported on cannabis use in relation to CSF soluble markers of inflammation in HIV. Also, it is often difficult to distinguish between heavy and recent cannabis use because heavy users are more likely to have used recently. For example, in 1 study, heavy cannabis users had fewer activated immune cells (CD4^+^ and CD8^+^ T cells expressing Class II human leukocyte antigen and CD38 \[HLA-DR+CD38^+^\]) in peripheral blood compared with non--cannabis-using individuals. Heavy cannabis users also had fewer IL-23 and phorbol 12-myristate 13-acetate-induced tumor necrosis factor-α--producing antigen-presenting cells^[@R27]^ in blood. Complementing these findings, we show that soluble markers of inflammation in blood---specifically sTNFRII, IP-10---also are lower in those who used cannabis. These findings are consistent with another study showing reduced plasma IP-10 in cannabis users.^[@R28]^ In another study, cannabis users had lower TNF-α levels than nonusers.^[@R29]^

The specific cytokines associated with cannabis use differed for CSF and plasma. This suggests compartmentalization of immune responses between the CNS and systemic compartments. We found a high correlation between CSF and plasma CRP, but not between CSF and plasma levels of the other markers. Previously published evidence indicates that blood-borne CRP can indeed cross the blood-brain barrier.^[@R30]^ In addition, cannabinoids may achieve greater concentrations in CNS due to their lipophilicity and longer duration of action due to sequestration in lipid-rich tissues.

Our results have substantial implications for HIV infection. Because immune activation increases HIV target cells and HIV RNA, reduction of immune activation might lower viral load. This is in line with a previous study reporting that cannabis use was associated with lower plasma HIV RNA among recently infected PWH^[@R33]^ and with reports of reduced HIV replication and cellular infection rate in the presence of cannabinoids in vitro.^[@R31],[@R32]^ In addition, in a previous longitudinal study of PWH with well-characterized histories of substance use, we found that exclusive use of cannabis was associated with a faster decay of HIV DNA during suppressive ART.^[@R33]^ Thus, cannabis use may reduce the HIV reservoir.^[@R34]^

Our study is limited by several considerations. This was a small pilot study and subject to selection bias and omitted variable bias. Self-reported cannabis use is subject to recall and other biases, particularly in clinical settings, where use may have negative legal consequences. In this study, research participants were explicitly informed that all research data would be held in confidence. We did not characterize the composition of cannabis used in this study with respect to cannabidiol (CBD) or THC, and we did not measure THC and CBD in CSF and blood. This is important because in previous reports, CBD and THC showed varying effects on anti-inflammatory pathways, including nuclear factor kappa-light-chain-enhancer of activated B cells and interferon-dependent pathways,^[@R35]^ and CBD accounting for the bulk of anti-inflammatory effects.

Future studies should seek to replicate these findings in a larger sample, directly measuring the response of inflammatory markers to cannabis administration in a controlled setting, and characterize the time course of changes. Vaping and smoking may have different effects. CNS inflammatory markers should be evaluated with respect to neuropsychological performance and imaging measures of neuroinflammation such as \[18F\]N-(2-(2-fluoroethoxy)benzyl)-N-(4-phenoxypyridin-3-yl)acetamide. THC, CBD, and endocannabinoids should be measured in CSF and blood. In the future, cannabinoids may be studied as treatments for neuroinflammation in HIV.
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